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(si) Heteromorphic sponges containing active agents. 



(57) The invention provides wound dressing 
and/or implant materials comprising a matrix 
structure of sponge, at least one substructure 
and at least one pharmacologically active 
agent, wherein both the matrix structure and 
the substructure are formed from bioabsomr 
able biopdvmer materia ls. The substructure 
'may, for example, comprise hjnpnlymftr fflmg, 
flakes, fi bres or micr ospheres embedded in th e 
matrix structure of spong e. The pharmacologi- 
cally active agent may comprise .antiseptics, 
antibiot ics, analgesics. One or more such active 
agents may be incorporated separately into the 
matrix and/or the substructure so as to achieve 
controlled or phasic release of the active agents 
into the wound. 
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The present inv ntion relates to bioabsorbabl 
wound implant materials, and mor particularly to h t- 
eromorphic spong materials containing on or more 
pharmacologically active agents, which are.sujtabl 
f r us as implantabl materials in wound repair. s 

Porous materials formed from synthetic and/or 
naturally occurring bi pabsorbable materials have 
been use d in the past as wound dressings or im- 
plants. Tfiepcrous material provides stnjcjujaL&Uj^ 
port and a framework f or tissue inprowth while wound w 
healing progresses. Pr eferably, the porous materia; is 
gradually absorbed as the tissue around the wo und 
regenerates. 

Typical bioabsorbable materials for use in the 
fabrication of porous wound dressings or implants in- 15 
elude syntheti c bioabsorbable polymers such as poly- 
la ctic acid or polyglycolic acid, and also biopolyroer s- 
Such as the structural proteins and polysaccharides ^ 
The structural prot eins include collagen , elastin. ff ffift 
bronectin, laminin and fibrin, as well as other proteins}? 20 
of the human connective tissue matrix. Of these, the 
most stud ied material has been collagen. 

Collagen is t he most abundant animal protein and 
the major protein of skin and connective tissue. A high 
degree of homology exists between t he various types 25 
of collagen found in different animal species and hu- 
man collagen. Accordingly, animal collagen types 
such as bovine collagen are useful because they ex- 
hibit very low immunogenicity when implanted into 
humans or used as topical dressings on human 30 
wounds. 

Collagen may be prepared in a variety of physical 
forms including fibres, flakes, f Dms or aqueous gels. 
Freeze drying an aqueous gel or ah aqueous suspen- 
sion of collagen may be used to produce a porous col- 35 
lagen sponge. Collagen sponges are described, for 

xample, in Chvapil, J. Biomed. Mater. Res. 11_ 721- 
741 (1 977). The use of collagen sponges and/or other 
freeze-dried biopolymer sponges as wound dressings 
or implant materials is disclosed, for example, in US- 40 
A-4614794 and US-A-4320201. 

High molecular weight polysaccharides of the 
mammalian connective tissue matrix have also been 
used in various types of wound dressing or "synthetic 

kins". Yannas I.V. & Burke, J.F., J. Biomed. Mater. 45 
Res. 14 56-81 (1980) describe the use of such poly- 
saccharides in wound dressings formed by freeze 
drying as sponges. High molecular weight polysac- 
charides include such molecules as chondroitin sul- 
phate, hyaluronic acid and dermatan sulphate. 50 

US-A-4614794 describes the use of other natur- 
ally occurring polysaccharide materials, especially of 
plant origin, in the dressing of wounds. These include, 
f r example, alginates, chitosan, chitin, guar gum, 
and various plant gums. 55 
Porous materials comprising more than on kind 

f bioabsorbabl polym rhav also been suggested 
f r use as wound implants or wound dressings. For 



example: 

GB-A-22 15209 (Osmed Inc.) describes a biode- 
gradabl , osteogenic bone-graft substitute compris- 
ing: (a) a p rous, rigid structure formed from a biode- 
gradabl polymer uch as polytactic r polyglycolic 
acid; (b) a chemotactic substance such as hyaluronic 
acid, f ibronectin or collagen dispersed in the interstic- 
es of the rigid structure, and (c) a biologically active 
or therapeutic substance such as bone morphogenet- 
ic protein evenly distributed throughout the volume of 
the bone-graft substitute. In use, the material is im- 
planted into a bone defect The material helps to re- 
store functional architecture and mechanical integrity 
of the bone, initiate osteogenesis, and maintain the 
biological processes of bone growth while simultane- 
ously being slowly bbabsorbed by the host organism. 

JP-A-03023864 (Gunze KK) describes a rein- 
forced collagen sponge for use as a filling material for 
biological tissue. The collagen sponge is reinforced 
by the addition of fibres of poly-(L-lactic acid). The re- 
sulting fibre-reinforced composite sponge is stronger 
than pure collagen or cross-linked collagen sponges, 
and is bioabsorbed more slowly in a host organism. 

Implants made from biological, bioabsorbable 
components are normally intended to be invaded by 
the cells of the host or recipient of the implant Cellu- 
lar invasion of homogeneous sponge implants, how- 
ever, is not necessarily achieved in the most efficient 
manner. The dosed honeycomb nature of sponges 
presents a series of Vails" to cells invading the struc- 
ture, each of which has to be breached before pro- 
gress can continue. Cellular invasion is required by 
cells which can degrade the implant materials and by 
those which can lay down the tissue to replace the im- 
plant and thus repair any defect which the implant is 
intended to repair. Failure of either type of cell to in- 
vade the structure of the implant in an efficient man- 
ner prevents vascularisation which is required for new 
tissue to be able to sustain its life. 

Furthermore, the porous bioabsorbable implants 
that have been suggested to date are all isotropic ma- 
terials. That is to say, the structure and composition 
of the materials are uniform in all directions. Any ac- 
tive agents for wound healing are incorporated uni- 
formly into the existing materials. This in turn means 
that the active agents are released uniformly into the 
wound at a rate determined only by the rate at which 
the implant material biodegrades. In practice, it would 
J*e-prej erable to have controlled or phasic release of 
active agent s^ F orexample, an initial rapid release of 
the active agents to establish a su fficient concentra- 
tion of those agents at the wound surface fo llowed by 
the slower release required to maintain a constant 
concentration. Alternatively, it may b desirable to 
hav an initial rapid release of antis ptic followed by 
slower releas of wound healing factors such as cy- 
tokines, FGF tc. 

Accordingly, it is an object of the pres nt invert- 
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tion to provid a porous bioabsorbable material that 
Is suitable for us inth rep gjrof full and partial thick- 
ness defects of th skin and defects or def ici ncies 
f other soft tissues. In particular, itisan bjectof the 
pres ntinventi n to provide a porous materiaLJJiatJs, 
readily invaded bycellsof th e host organism and th at 
provides for co ntrolled!* phasic release of pharm a- 
cologically active agents into the wound. 

The present invention provides a bioabsorbable 
heteromorphic sponge comprising a matrix structure 
of sponge and at least o ne substructure , wherein the 
m atrix and the substructure are formed of bioabsorb- 
able materials andthe sponge comprises atjea stppe 
pharmacologically active a gent 

Trie term ■heteromorphic" means thatthe spong- 
es arcgrding^ 

inhonwgeneouj la'ue to the presence of the subsfruo 
fajreirTTHe^spbrige^ The sponges according to 
the present invention may also be chemically inhomo- 
geneous if the^ substructure has a differe nt che mical 
com position than the sponge matrix. In preferred em- 
bodiments one or more ac tive agents is incorporated 
separately i nto the matrix structure or into one or 
more of t he substructures. More preferably, different 
active .a gents are incorporated separately in the ma- 
Jrix-sjrjjctuntand in tfieone^or_ more substructure s. 
This arrangement provides for phasic release of the 
different a ctive a g ents because, under physiological 
c onditions, rel ease of the active agents takes place 
first from the sponge jnatrix and then from the sub - 
st ructure s. Moreover, because the ratio of surface 
area to volume of the substructures can be controlled, 
the rate of release of the active agents from the sub- 
structures can thereby also be controlled.' 

The pharmacologically active agent is preferably 
selected from the group consisting of: antimicrobials 
to control infection, cytokines and growth factors to 
enhance healing; antibodies to specific wound com- 
ponents such as TGF p to prevent contracture, pep- 
tides to act as chemotactic agents, angiogenic fac- 
tors, hormones, enzymes, metabolic or breakdown 
products of biopolymers, pain killers or mixtures 
thereof. 

The amount of the pharmacologically active 
agent that can be incorporated will depend on the 
physical state of the active agent, i.e. whether it is a 
solid, liquid or emulsion under the conditions of incor- 
poration. The amount that can be incorporated also 
depends on the chemical affinity between the active 
agent and the biopolymer of the matrix structure or 
the substructure. In favourable cases, such as when 
the active agent is an emulsified oil distributed in a 
collagen matrix, up to 90% of the weight of the matrix 
structure or th substructure may consist of the ac- 
tiv agent Likewise, up to 50% by weight of the anti- 
s ptic chlorh xidine gluconate can be incorporated 
into a collag n-based sponge matrix or a col lag rv ba- 
sed substructure. 



Trie amount of the pharmacologically active 
ag nt that is actually incorp rated int theh teromor- 
phic sponges in practice will d pend on the pharma- 
cological activity and the cost f th active agent 

5 Thus, expensiv and highly activ substances such 
as cytokines may be incorporated at the 0.1-100 ppm 
by weight level. On the other hand, antiseptics such 
as chlorhexidine gluconate are preferably incorporat- 
ed at high levels such as 1-40 percent by weight. 

10 The substructure in the heteromorphic sponge 
according to the present invention may be oriented. 
That is to say, the substructure may be anisotropic 
and thereby define preferred directions for cellular in- 
growth into the sponge. The anisotropy is normally 

15 provided by the use of oriented flakes, films, fibres or 
the like to form the substructure. 

The sponge is bioabsorbable injthat it is capable 
of full degradation and resorption jivitriin a patient's 
body. The heteromorphic sponge ^preferably used 

20 as a wound implant for example in partial orfull thick- 
ness skin injury or in tissue insufficiency where soft 
tissues are required to be replaced. 

Preferably, the matrix and the substructure are 
both formed from biodegradable biopolymer materi- 

25 als. 

The matrix is preferably strong and resilient 
enough to resist collapse and may be cut and/or 
formed so as to conform to a wound shape so that it 
protects and/or fills a wound bed. It may, for example, 
30 be cut so as to fill the full depth of a wound or tissue 
deficient area. 

A heteromorphic sponge which has been cut to 
shape can then be placed into a debrided wound bed. 
■' A wound which has a heteromorphic sponge implant- 
35 ed therein may then be dressed with a suitable dress- 
ing and healing allowed to take place. Regrowth of 
new tissue into the heteromorphic sponge enhances 
wound healing. 

The heteromorphic sponge may allow wound flu- 
40 id, oxygen and other gases to pass through the 
sponge and can be replaced by host tissues in such 
a way that healing is promoted and cosmetic damage 
minimised. 

Preferably, the sponge matrix comprises one or 
45 more proteins or one or more polysaccharides, or a 
mixture of one or more proteins with one or more poly- 
saccharides. 

The sponge matrix and substructures within the 
matrix may include all collagen types, tenascin, lam- 
so inin, chondroitin sulphate, hyaluronic acid, dermatan 
sulphate, heparin sulphate, heparin, elastin, fibrin, f i- 
bronectin, vitronectin, dextran, or oxidised regenerat- 
ed cellulose. 

In particularly preferred embodiments, the 
55 sponge matrix consists essentially of collagen. The 
collag n may be provided by harvesting it as a fibrous 
mass containing larg ly collagen types I and III from 
such animal sources as skin, tendon, intra-organ con- 
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nective tissue and bone and from such species as cat- 
tle, sheep, pigs, chick ns.turk ys, kangaroo, deer or 
ther mammals. 

The substructures may be formed from material 
which is the same material as that of th matrix or 
may be formed from another material. The substruc- 
ture may be in the form of milled freeze-dried spong- 
es, powders, aggregates, microspheres films, flaked 
or otherwise broken films, fibres, fibre bundles or 
mixtures of these. 

The substructure may be oriented within the ma- 
trix to provide conduits or pathways for cells to follow, 
enabling them to invade into the body of the matrix of 
the heteromorphic sponge. Particularly preferred for 
this purpose are substructures which are elongate or 
flat and planar, such as films or film flakes, fibres or 
fibre bundles. The sponge component of the matrix 
thus has its homogeneous structure sufficiently inter- 
rupted by the substructures to facilitate cellular move- 
ment Thus, endothelial ceils and fibroblasts can mi- 
grate relatively rapidly in the matrix structure and be- 
gin, at an early stage after implantation, the process 
of degradation and renewal. 

The heteromorphic sponge may be formed by 
making a heterogeneous premix comprising the sub- 
structure material suspended in a gel, paste, slurry or 
emulsion of the matrix material which is then freeze 
dried. 

Pharmacologically active agents which are re- 
quired for incorporation into the heteromorphic 
sponges may be added to the gel, paste, slurry or 
emulsion, and/or to the second components which 
will become substructures of the sponge before these 
are added to the premix for freeze drying. 

Where desired, orientation of the substructure 
may be achieved in different ways. For example, the 
elements of the substructure such as films, fibres and 
the like may be laid down in an ordered fashion in a 
bath of the matrix gel, paste or slurry. Alternatively, 
the substructure may be an ordered structure such as 
a honeycomb of the substructure material which is 
then flooded with the matrix gel, paste, slurry or 
emulsion. Spontaneous ordering of the substructure 
can also take place. For example, where flakes of the 
substructure material are stirred into a slurry as 
above and the mixture is allowed to stand before 
freeze drying, spontaneous ordering of the flakes is 
observed in the freeze-dried product Spontaneous 
ordering offtakes and fibres also occurs when pastes 
or gels containing these substructures are extruded. 

In a preferred method, fibrous collagen, pre- 
washed to remove the majority of non-collagenous 
components as described in US-A-4614794 or US-A- 
4320201 is susp nd d in clean dei nised pyrogen 
free water and homogenis d to a fine fibrous suspen- 
sion by passage through a homog nising system. 
Suitable h mog nising systems are described in US- 
A-4320201. 



Homogenisation may be continued until a desired 
degree of fibre division is achieved. This results in a 
preferred fibre size of b tween 0.01 and 10 mm. 
Preferably, homog nised collagen is acidified to 
s cau it to swell to a premix or g I suitable for freeze 
drying. The acidifying step may use an organic acid 
such as formic, acetic, propionic, lactic, malonic, or di- 
lute inorganic acids such as hydrochloric acid at a sol- 
ids content of between 0.01% and 30% to a final pH 
10 of between 2 and 6. A preferred embodiment results 
in a pH of between 3.0 and 4.5. 

Adding pharmacologically active agents to the 
matrix premix or gel preferably produces a final 
weight concentration of between 0.001% and 50% 
is based on the dry weight of the dried matrix material. 
The second components may then be mixed so as to 
d'a disperse them throughout the body of the premix. 
&ifi Mixing usually comprises stirring and may further in- 
&j>clude adding cross-linking agents to stabilise the ma- 
20$^ trix. 

A plasticiser such as glycerol or sorbitol may be 
added to a final concentration of between 0.1% and 
5%, based on the dry weight of collagen, and mixed 
with the premix. Oil may also be added at this stage 

25 with adequate homogenisation. The resulting matrix 
may comprise a slurry, gel, paste, emulsion or sus- 
pension which may then be mixed quickly with a pre- 
formed, fabricated solid material of the substructure 
to form the heterogeneous mix desired. This is then 

30 preferably fully degassed, poured into trays and 
freeze dried. 

The heteromorphic sponge can be freeze dried at 
its desired final thickness or dried as a block and cut 
to size and shape prior to packaging and sterilisation. " 

35 Where a film is produced, this may be rolled onto tube 
carriers or pre-cut into lengths and stored flat Films 
may also be made by pouring a slurry of collagen onto 
flat trays and drying in a stream of warm air at be- 
tween 20°C and 80°C. 

40 Hie invention is now further described with ref- 
erence to the following examples. 

Example 1 (Comparative Example) 

45 An isomorphic single-component collagen 
sponge is prepared as follows. 

An acetic acid suspension of collagen is prepared 
substantially as described above and in US-A- 
4614794. The suspension is adjusted to 0.45% solids, 

50 degassed and poured into trays to a depth of 3mm. 
The mixture is rapidly frozen and freeze dried. The re- 
sultant material is an isomorphic, substantially homo- 
geneous collagen sponge. 

55 Example 2 (Comparative Example) 

An isomorphic collag n sponge incorporating the 
antibacterial ag nt chlorhexidine gluconate (CHG) is 
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water) and re-dri d in warm air. This material is used 
as the uppermo st lamina in a spong film laminated 
structure made as described ab v . An advantage of 
this material is found to be that it can be sutured into 
5 place in th wound bed, th Surgicel™ providing 
strength to hold the sutures. 

Example 4 

10 The rates of release of chlorhexidine from the 



prepared as follows. 

An acetic acid suspensi n of collagen is prepared 
as in Exampl 1 and is adjusted to 0.45% solids w/v. 
Chlorhexidin gluconate is added to a concentrati n 
of53%w/wofcollagen.Thatisto ay.th total weight 
of chlorhexidine gluconate in the suspension is 53% 
of the total weight of collagen in the suspension. The 
suspension is degassed and freeze dried as descri- 
bed in Example 1. The resulting material is a strong, 
isomorphic, substantially homogeneous sponge ma- 
terial comprising approximately one third by weight of 
chlorhexidine gluconate. 

Example 3 

A two-component heteromorphic sponge accord- 
ing to the present invention having chlorhexidine glu- 
conate; incorporated in both the sponge matrix and 
the substr ucture is prepared as follows. 

First gel or slurry of collagen fibres containing 20 
0.3% w/v of collagen is prepared as described above. 
Glycerol is added as a plasticiser to a final weight of 
0.02% w/v. Chlorhexidine gluconate is then added to 
a final weight of 0.23% w/v. The gel is then extruded 
through a suitable flat bed 2 mm slit extruder onto a 25 
moving belt of suitable material so as to form a fine, 
unbroken film on the moving belt The moving belt 
passes through a drying cabinet with the temperature 
set at 55°C. The resulting dry f Bm is stored by rolling 
onto tube carriers or as pre-cut lengths stored flat in 30 
boxes. 

In a variant, the dry film is made by pouring the 
slurry of collagen onto flat trays and drying in a 
stream of warm air. " " **' ^ " ~ 

In a further variant, a thicker film is made as de- 35 
scribed above but by formulating the gel or slurry with 
0.75% w/v of collagen fibres. The gel or slurry is ex- 
truded as above through a slit extruder of equal thick- 
ness setting, resulting in a film that is approximately 
twice as thick after drying 40 

The two-component heteromorphic sponge sys- 
tem is made by fabricating the pre-cast and dried 
films with sponge premix, as follows. A layer of col- 
lagen sponge gel or slurry containing chlorhexidine 
gluconate and prepared as in Example 2 is poured 45 
into a tray at a t hickness of 1 mm and blast frozen. Col- 
lagen film prepared as above is then placed onto the 
frozen slurry and a second layer of collagen slurry 
poured over the collagen film to a required thickness. 
This composite is then blast frozen. Collagen slurry 50 
and film layers can be built up to any desired thick- 
ness by this procedure. It is also possible, but less 
convenient, to layer collagen film onto unfrozen col- 
lagen slurry followed by a second lay r of urrfroz n 
collagen slurry. 55 

in a variant, oxidised reg n rated cellul is ob- 
tain d commercially in th form of Surgic I m fabric 
and is pre-coated with hyaluronic acid (1% s olution in 



sponge of Example 2 and heteromorphic sponges 
made as in Example 3 are compared as follows. 

The heteromorphic sponges used for comparison 
purposes are two of the sponges made in Example 3. 
The first comprises two layers of the standard thick- 
ness collagen film sandwiched by three layers of col- 
lagen sponge. The second comprises two layers of 
the double thickness collagen film sandwiched by 
three layers of collagen sponge. Both the collagen 
films and the collagen spongei incorporate chlorhex- 
idine gluconate as described in Example 3. 

The comparison is made by placing pieces of the 
sponge or the heteromorphic sponge of identical size 
and shape (1 cm x 1 cm x 0.5 cm) in 20 ml water at 
20°C with stirring and measuring the release of chlor- 
hexidine spectrophotometrically by absorbance at 
253 nm. 

Surprisingly, it is found that the chlorhexidine is 
released much more rapidly from the heteromorphic 
sponges of Example 3 than from the isomorphic 
sponge of Example 2. The time required to release 
50% of the chlorhexidine from the heteromorphic 
sponges is approximately 5 minutes for the hetero- 
morphic sponge, as compared with 1 5-20 minutes for 
the isomorphic sponge. 

The above examples are intended by way of illus- 
tration only. Other embodiments of the present inven- 
tion falling within the scope of the accompanying 
claims will be apparent to the skilled reader. 



Claims 

1 . A bioabsorbable heteromorphic sponge compris- 
ing: a matrix structure of sponge, at least one sub- 
structure and at least one pharmacologically ac- 
tive agent, wherein the matrix structure and the 
said at least one substructure are formed of bio- 
absorbable biopolymer materials. 

2. A bioabsorbable heteromorphic sponge accord- 
ing to claim 1 wherein the said at least one sub- 
structure is selected from the group consisting of 
milled freeze-dried sponges, powders, films, 
flaked or broken fflms, aggregates, micro- 
spheres, fibres, fibre bundles and mixtures th ro- 
of. 
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3. A bioabsorbable h teromorphic sp nge accord- 
ing t claim1or2wh reinth bioabsorbabl bio- 
polymer materials comprise macromolecules se- 
lected from the group consisting of all collagen 
types, elastin, f ibron ctin, vitronectin, laminin, te- 
nascin, hyaluronic acid, chondroitin sulphate, 
dermatan sulphate, heparan sulphate, fibrin, oxi- 
dised regenerated cellulose, dextran and mix- 
tures thereof. 

4. A bioabsorbable heteromorphic sponge accord- 
ing to any preceding claim wherein the said at 
least one pharmacologically active agent is incor- 
porated separately into the matrix structure or 
into the said at least one substructure. 

5. A bioabsorbable heteromorphic sponge accord- 
ing to any preceding claim comprising a-clirst 
pharmacologically active agent incorporated 
separately in the matrix structure of sponge and 
a second pharmacologically active agent differ- 
ent from said first pharmacologically active agent 
incorporated separately in the said at least one 
substructure. 

6. A bioabsorbable heteromorphic sponge accord- 
ing to any preceding claim wherein the said at 
least one pharmacologically active agent is se- 
lected from the group consisting of antimicro- 
bials, cytokines, growth factors, growth factor an- 
tagonists, antibodies, peptides, angiogenic fac- 
tors, hormones, enzymes, metabolic or break- 
down products of bk> polymers, pain killers and 
mixtures thereof. 

7. A method of making a bioabsorbable heteromor- 
phic sponge comprising: 

providing a first biopolymer component 
and at least one second biopolymer component; 

adding a pharmacologically active agent 
to the first biopolymer component or to the sec- 
ond biopolymer component; 

adding the second biopolymer component 
to the first biopolymer component; 

forming a heterogeneous premix compris- 
ing the first biopolymer component and the sec- 
ond biopolymer component dispersed in a liquid; 
and 

freeze-drying the heterogeneous premix 
to form the heteromorphic sponge. 

8. A method according to claim 7 wherein the said 
at least one second biopolymer component is se- 
lected from the group consi ting of mill d free- 
dried sponges, powders, f flms, flaked or broken 
films, aggregates, microspheres, fibres, fibre 
bundles and mixtures th reof. 



9. A method according to claim 7 or 8 wherein th 
first bi polym rcompon nt and the said at least 

n second biopolymer component comprise bio- 
polym rs selected from th group consisting of all 
5 collag n types, elastin, f ibronectin, vitronectin, 

laminin, tenascin, hyaluronic acid, chondroitin 
sulphate, dermatan sulphate, heparan sulphate, 
fibrin, oxidised regenerated cellulose, dextran 
and mixtures thereof. 

10 

10. A method according to claim 7, 8 or 9 wherein the 
pharmacologically active agent is selected from 
the group consisting of antimicrobials, cytokines, 
growth factors, growth factor antagonists, antibo- 

15 dies, peptides, angiogenic factors, hormones, 
enzymes, metabolic or breakdown products of 
biopolymers, pain killers and mixtures thereof. ess 

11. A method according to any of claims 7 to 10 w& 
20 wherein the liquid comprises water. %pk_ 

12. A method according to any of claims 7 to 11 
wherein the heterogeneous premix is a gel, 
paste, slurry or emulsion. 

25 

13. A method according to any of claims 7 to 12 
wherein the heterogeneous premix further con- 
tains dissolved acid in an amount sufficient to 
provide a pH of the heterogeneous premix be- 

30 tween 2 and 6. 
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